Abstract: Fire safety strategy for airport terminals will be proposed in this paper. The local airport terminal is taken as an example. Special features of airport terminals will be outlined. The retail areas are identified as places with higher fire risk. Standards, codes and design guidelines used overseas are reviewed and compared with the local codes. Based on the study, fire safety strategy is suggested to have four parts:
Introduction
Key functions of airport terminals are for mass transport with large number of passengers and visitors expected to stay at the arrival or departure halls. In case of fire or emergency, most of passengers might only leave the airport by using the routes which are easy to identify, i.e. the main entrance. Emergency exits cannot be located so easily, even though there are clear guidelines and instructions. Apart from life safety, disturbance of normal operation of the airport terminal after a fire will give significant impact to the economics of big cities. Therefore, actions should be taken on fire safety strategy.
'Fire safety', as explained in e.g. NFPA 550 (1995) means the measures taken to protect the exposed so as to satisfy a specified objective. As defined in NFPA 1051 (2002) 'Strategy' is the general plan or direction selected to accomplish incident objectives.
Combining the definitions of the two terms 'fire safety' and 'strategy' would give 'fire safety strategy '. Following CIB W014 (2001) fire safety strategy is a coherent and purposeful arrangement of fire protection and fire prevention measures which is developed in order to attain specified fire safety objectives.
Fire safety strategy must be clearly identified for a particular building or organisations so as to achieve not only a good standard of fire safety but also better buildings. More quantified approaches based on engineering relationships and measurement (Law, 1994) , might be necessary for buildings with special architectural features.
There had been numerous works on 'fire risk' as reviewed by Howarth and Kara-Zaitri (1999) while studying fire safety management in passenger terminals. A fire risk would result in a loss directly and indirectly. There are difficulties in assessing the loss while involving human lives. Fire risks in passenger terminals were reviewed in there to include arson, contractors, retail outlets and interaction between people and buildings.
However, protection (Chow, 2001a) against an 'arson fire' like a 'karaoke fire' in Hong Kong; and against a 'terrorist attack fire' such as the '911 incident on World Trade Centre' in New York, USA, is more than a 'safety' problem dealing with accidents. These are 'security' problems! Note that most fire safety provisions are targeted on protecting against accidents.
The fire safety problems to be encountered in airport terminals are likely to be: • Normal escape routes for occupants are opposite to firemen access and equipment delivery to rescue people and fight against the fire.
• The width of the escape routes between those retail shops may not be adequate to allow huge amount of passengers to evacuate. This may increase the total evacuation time that the occupants needed to escape.
• Some of the spaces inside the entrance hall are used as exhibition areas and coffee lounge areas. The fire risk would become higher as these spaces are not expected to be used as those purposes before. Fire safety provisions may not be able to control the fire occurred in those spaces.
• Cabin design utilised in the retail areas may encounter a big fire problem, for example, the likelihood of flashover to be occurred inside the retail shop and its consequences of occurrence (Chow, 2002a) , and the shop may become a big heat source to give a large production rate of smoke in case of fire (Chow, 2002a ).
• The effectiveness of operating the sprinkler system in controlling a fire inside a retail shop may have several problems (Chow, 2002a) . The response time of those sprinkler systems should be carefully design so as to limit the spread of fire efficiently and effectively and not to endanger the occupants.
In this paper, fire safety strategy in airport terminals is discussed. The local airport terminal is taken as an example for illustrating how the strategy can be worked out.
Possible fire risk in the local airport terminal
There are eight levels in the terminal buildings. Shopping malls are located in the non-restricted areas at both the arrival hall and departure hall on levels 5 and 7. The other retail zones are in the restricted areas of the whole level 6. Level 8 is a non-restricted mezzanine floor where the whole zone is used for restaurants.
Fire safety of retail areas and the fire safety concept adopted, i.e. the cabin design (Beever, 1993) are the issues. Based on the survey of Chow and Ng (2004) , some retail shops are selling alcohols and cigarettes, a higher fire risk would be posed if those stocks are too large. Although there is no local database on heat release rate, such a study is under progress with some preliminary results reported (Chow et al., 2003) . At the moment, minimum heat release rate for flashover to occur in each shop (Chow and Ng, 2004) would be estimated by empirical formula . Thomas (1981) to account for the fire risk inside the retail areas for those halls.
Fast food service and restaurants with cooking facilities is another concern. The risk can be reduced if gas cookers with portable liquefied petroleum gas cylinders are not allowed. Further, there is a large Chinese restaurant in level 8. Very high thermal power stoves operated by either town gas or diesel oil are equipped for ensuring efficient cooking of food. Therefore, the risk of starting a small accidental fire inside the kitchen of the Chinese restaurant might be quite high and cannot be ignored.
In order to provide a spacious shopping and dining environment with wider varieties, a series of extension projects in the arrival hall of the non-restricted areas were commenced. This might give another possibility of starting a fire while carrying out refurbishment works. Process with hot work should be monitored carefully. Again, management should play a key role on that.
Fire load density (in MJm -2 ) for describing the amount of combustibles in the terminals or stations, is consisted of two parts: movable fire load and fixed fire load. The amount of luggage (say expressed as equivalent heat H per in J) allowed will be controlled by the management. It is unlikely to exceed the upper limit of fire load density used in the local fire codes (Fire Services Department, 1998), i.e. 1135 MJm -2 . Anyway, there are limits on the combustibles, with the fire load density related to the maximum number of passengers N max allowed to stay in the airport terminals (Chow and Ng, 2004) i.e. On the fixed fire load, it depends on the combustibles used in the building materials (Beever, 1993) . Site visits have indicated that there are not many fixed combustibles such as partition materials with timber product. If large quantities of these materials are used, heat release rate upon burning those materials and the resulted flame spreading over their surfaces must be studied. For the movable fire load, the amount of combustibles carried by passengers are argued to be not too large (Beever, 1993) , if the fire safety strategy is only for protecting against accidental fires (Fire Services Department, 1998) . However, possibility of having fires resulted from larger transient fire load density should not be neglected.
Retail areas of the passenger terminals
There are large halls in the terminal building. This architectural feature brings out some constraints on designing the fire safety systems. For example, conventional sprinkler heads installed at the high ceiling might not be effective in fire control as pointed out years ago by Chow (1996) . Means of escape, sprinkler system and smoke extraction system should be designed carefully.
It is obvious that there should be retail shops in the arrival and departure halls. The shops are small in size and packed with goods. Note that the local Fire Services Installation code (Fire Services Department, 1998) requires smoke management systems (Klote and Milke, 2002) to be provided if the space volume is bigger than a certain value, say 28000 m 3 for aboveground space. Note that smoke management system is important at the early stage of a fire to allow occupants to evacuate in a smoke-free environment. Sprinkler, for controlling, suppressing or extinguishing a fire, will only act at a later stage of the fire.
For those places where it might not be possible to provide smoke management system in the entire hall due to difficulties in putting in a huge system, 'cabin' design (e.g. Chow, 2002a; Beever, 1993 ) is commonly used. Generally speaking, the 'cabin' concept is a good design to protect the areas of high fire load in big halls and allow better space allocation. However, fire services provisions should be installed and designed properly so that they are reliable, useful and would not give adverse effects. There are concerns on switching on the smoke extraction fan before operating the sprinkler in a small retail shop with both smoke management system and sprinkler.
Presence of the additional ceiling roof in a shop would confine heat and smoke, flashover (e.g. Chow, 2002a) would occur if the sprinkler and smoke extraction systems do not work in the right time. Note that the amount of heat removed by a sprinkler water spray is initially not large after activation. Further, the sprinkler head cannot be activated so early as steam produced might cause problems to the occupants not yet evacuated. It is possible that a fire in a small retail shop would become a big burning object with large air entrainment rate to give a very high smoke production rate. A large smoke plume might then be formed.
The heat release rate of a fire of burning combustibles in a small retail shop should be studied for cabin design. Facilities such as the Swedish 'industry calorimeter' (e.g. Månsson et al., 1994) and the big exhaust hoods in America (e.g. Stroup et al., 2000; FM, 2003) should be developed for burning an actual shop in order to study how much heat would be released. Such an equipment is under development in a remote area of China (Chow et al., 2003) .
Typical combustible contents are similar to those in a retail shop in elsewhere, though might be some restrictions on the types of goods to be sold as imposed by some other terminals. Combustibles are basically newspapers and magazines; cigarettes and tobacco; and alcohols. However, there are furniture including polyurethane sofa or cushion; coffee table with wood or other timber products and chair. Some of them even placed in the open area of the terminal recently.
Likelihood of flashover can be assessed by the equation on the minimum heat release rate Q mf (in kW) causing flashover proposed by Thomas (1981) 
where
The ventilation factor term . Value of Q mf is quite high at 12.3 MW. However, if the door is closed with only a gap of 0.01 m high, Q mf is reduced to 1.3 MW. Therefore, flashover can occur easily in an 'enclosed' retail shop even under a small accidental fire.
Two ventilation conditions on opening the door with H v of 2.3 m and closing the door with a gap giving H v of 0.01 m are considered to calculate Q mf . Results of Q mf in the 41 retail shops at levels 5 and 7 in the airport terminals are shown in Figure 1 . It is observed that very low heat release rate of less than 0.8 MW fire in most shops will give flashover in these shops when the door is closed. In case flashover occurs, a 'small' shop might become a big fire object. Care should be taken on the storage of alcohol in duty free shops and other combustibles where flame spread is likely to be rapid. Note that the upper limit on fire load density in local codes (e.g. Fire Services Department, 1998 ) is 1135 MJm -2 (about 83 kg equivalent weight of wood per m 2 floor area), allowing to store quite a large amount of combustibles.
Suggested fire safety strategy
Features affecting the fire safety design in the local Airport Terminals are:
• As the ceiling height of the departure hall and arrival hall is very high and the space volume is very large, fire protection systems are difficult to be installed. Cabin design (Beever, 1993) was utilised in the shopping areas of those halls.
• The building facade and the restaurant areas are constructed with curtain wall.
Extensive use of glass is used to give an aesthetic effect.
• The departure hall might be used as exhibition areas and coffee lounge areas, giving larger amount of combustibles.
• It is important to prevent the conflagration of fire and smoke spread to adjoining buildings such as the carpark and hotel that are located at about 100 m away on the left side of the terminal building.
As suggested earlier, fire safety strategies in Hong Kong are effectively divided into four areas on fire safety provisions (Chow, 2002b; Chow, 2001b) . The reasons for classifying into these four areas are for easier control, design and implementation under local conditions. Passive building construction is taken care of by the Buildings Department, basically following codes in Means of Escape (Buildings Department, 1996a) Means of Access (Buildings Department, 1995) and Fire Resisting Construction (Buildings Department, 1996b) . Fire Services Installation will be monitored by the Fire Services Department under the Fire Services Installation Code (Fire Services Department, 1998) . Fire safety management will be controlled by the Airport Authority itself. Risk factor is something related more scientifically to the 'fire risks'. For example, a basic assumption is that for terminals building having no combustibles, i.e. fire load density is zero, there will be no fire. If there are no passengers staying in the airport terminals, why should an evacuation plan be worked out?
Therefore, all the fire safety strategies would be classified under the four headings, i.e. passive building construction, fire services installation, fire safety management and control of risk factors on the specific features mentioned in the airport terminals.
Passive building construction

Building structure
The structure of the airport terminals should be designed, constructed and maintained to protect occupants who are not intimate with the initial fire development for the time they are required to evacuate, relocate, or defend in place. Therefore, construction and finishing with suitable materials are needed in order to embody adequate fire resistance such that evacuation by occupants and access for extinguishment by fire-fighters can be carried out safely.
Compartmentation
Adequate compartmentation should be provided for different functional parts of a building in order to protect the integrity of the structure elements and limit the number of people exposed to the fire. Therefore, building should be subdivided into several areas by horizontal and vertical barriers such as doors, walls or floors. Fire dampers should be installed in the air ducts of the heating, ventilating and air conditioning systems so as to prevent the spread of smoke throughout the building.
For the compartmentation inside the airport terminals, fire shutters satisfying the criteria of integrity or drencher systems would be good in separating the areas of the big halls into several compartments in case of fire. This would block fire spreading from the fire zone to the adjacent premises.
Other than fire shutters, smoke barriers or smoke screens would also be used to give smoke compartments. According to the Fire Services Department requirement (Fire Services Department, 1998) smoke barriers should be constructed with non-combustible materials and have a fire resistance period of 1 hour. These devices should be able to descend automatically (Beard and Weinspach, 1996) .
For the compartmentation of the retail shops, water curtain can be installed in front of each shop so as to separate the other parts of the terminals building. With the activation of the drencher system , the radiative heat fluxes would be controlled by using a curtain of free-falling droplets of water to absorb and scatter the heat, hence reduce the heat flux received in the protected area.
The radiant heat flux I i (in kWm -2 ) received in the protected areas can be estimated in terms of the attenuation factor F, (i.e. the factor which is related to the radiation emitted from the source that the water curtain can withstand), radiant heat intensity of the fire source I s (in kWm -2 ) and the percentage of opening in a wall or roof P eo .
As reported earlier on the retail shops by Ng and Chow (2002) about 70 to 80% of transmitted radiant heat intensity from the fire zone to the protected zone can be reduced by a water curtain. To avoid the huge amount of radiant heat being transmitted, double water curtain might be considered. The spaces of the airport terminals are not supposed to be used as coffee lounge areas and exhibition areas. Fire safety provisions may not be able to control a fire when the spaces are used as those purposes. Therefore, fire shutters satisfying the criteria of integrity should be installed to separate these areas with the other parts of the terminals. The best way is to stop using the space as exhibition areas and coffee lounge areas.
Prevention of collapse of the structure
In order to minimise the amount of artificial lighting and create an openness sensation to the occupants, extensive use of glass is employed for the external features to fulfil this requirement. To avoid imposing any hazards on the occupants or the fire fighting personnel, glass with special treatment is installed to avoid breaking into small pieces in case of fire. The use of fire retardants on the construction and finishing materials is also an essential element in strengthening the fire resistance of the structure, so as to withstand high temperatures when a fire occurs.
Prevention of fire spread to adjoining buildings
Although most of the buildings are far away from the airport terminals, there is a carpark and a hotel at about 100 m away on the left side of the terminal building. To prevent the conflagration of fire and smoke spread to adjoining buildings, the following safety measures should be taken:
• Smoke extraction system should be activated efficiently for the clearance of smoke from the covered area.
• The access should not be obstructed such that the fire-fighters can reach the fire area quickly and extinguish the fire before conflagration.
• As fire requires fuel, oxygen and heat to sustain, removing any one of these would extinguish the fire. Therefore, facilities for fire-fighting are very important in retarding the fire growth and spread.
Means of access
When people escape from the fire areas, fire fighters may enter the building at the same time to extinguish the fire. The width of the escape routes is important as collision may occur between the occupants and fire fighters if the routes are too narrow. This will affect the evacuation of occupants and also the rescuing procedures of the firefighters.
Means of escape
The escape routes must not be obstructed and the exit signs should be easily noticeable, e.g. by flashing lights. The path should be wide enough to allow the occupants to turn away and make a safe escape and for the firefighters to access to the fire area at the same time.
There are various types of occupants inside the airport terminals. Frequent users, e.g. staff, are expected to have a good knowledge of the nearest and alternative escape routes in case of fire. For occupants who are infrequent users, such as the passengers, it is most likely that they will leave by the route they entered the building and rely on the signs. Public announcement systems should be installed such that emergency announcements can be made quickly and audible to everywhere to control the flow of people when there is a fire (Beard and Weinspach, 1996) .
Provisions for the disabled should be taken care of. Escape routes should be wide enough to avoid the wheelchair occupants jam with the other occupants and firefighters. The movement of these disabled occupants can be significantly influenced by the building elements such as doors, ramps and the stairs. Some of them are immobile and have to rely entirely on the actions of the others to effect their evacuation.
Fire services installation
Fire detection and protection system
When designing for life safety, it is necessary to provide early fire warnings to allow rapid evacuation of the fire zone before reaching untenable conditions. Fire detection system should be installed in the entrance hall, retail areas of the departure and arrival halls in the non-restricted regions of the airport terminals to provide an early notification of fire occurrence. Fire protection systems, such as special extinguishing systems and smoke control systems, might be allowed to be activated by fire detectors.
All equipment room should be fitted with smoke or heat detectors, portable fire extinguishers and automatic gas flooding system, while the staff areas should also be fitted with smoke or heat detectors, portable fire extinguishers and fire hydrants or hose reels. The refuse rooms should also be installed with gas protection system. Portable hand operated appliances such as portable extinguishers should also be fitted in the retail areas of the airport terminals.
Sprinkler system
Sprinkler will only work when the design is appropriate for its application. Evacuation should be considered while designing the operating conditions for a sprinkler system. In the passenger terminals, discharging water too early before evacuation will wet the floor and give a slippery surface. Hot steam produced will hurt passengers. (Schifiliti, Meacham and Custer, 1995 ) is recommended to be specified in design sprinkler system. However, it might not be good to install sprinkler systems inside the arrival hall and departure hall due to the high ceiling. In case of fire, smoke plume risen from a fire would spread laterally and interact with sprinklers when it contacts with the ceiling, eventually causing the sprinklers to operate. Smoke plume risen from a fire would draw air from the surroundings and cool the plume. The higher the ceiling, the lower the temperature of smoke when it reaches the sprinklers and so the time for the activation of sprinkler is delayed. Also, there may not be adequate water droplets to reach the fire area. Therefore, if sprinkler systems are chosen to be installed inside those halls, smoke temperatures at different ceiling levels above a fire should be predicted (Klote and Milke, 2002) in order to design a suitable sprinkler system for the terminal hall with a high ceiling.
Emergency lighting system
All escape routes and accommodation, except for toilet accommodation, having a gross area not more than 8 m 2 should have adequate artificial lighting. The emergency lighting to escape stairs should be on a separate circuit from that supplying to any other parts of the escape route (HMSO, 1999).
Smoke extraction system
Many people died in a fire were due to smoke, and so smoke spreading from the fire room to the whole building should be watched carefully.
Smoke management systems (Klote and Milke, 2002) are required in the arrival hall and departure hall. However, the environmental impact such as air pollution due to the smoke generated should be minimised. Air filters can be utilised in the smoke management system so as to separate the toxic particles inside the smoke before extracting to outside.
The system should be designed to ensure that the air movement is directed away from the protected escape routes and exits, otherwise the system should be closed down (HMSO, 1999) . Ventilation and air conditioning systems in the airport terminals should be compatible with it when operating under fire conditions (HMSO, 1999) . Otherwise the smoke extraction should be closed down in case of fire.
If natural vents are utilised inside the arrival hall and departure hall, be careful of using a too big fire size for static smoke extraction system with natural vent; and a too small design fire for designing dynamic smoke extraction system. Large natural vents capable of controlling big fires would not be effective for small fires. That is because buoyancy of a small fire is insufficient to drive smoke up, when there is a strong downward pull from the cold air above. Therefore, the operating schedule of the natural vents should be designed carefully.
Cabin design
There are reservations on this design (Chow, 2002a) . Activating a sprinkler system would extract heat in the burning retail shop, but might not suppress the fire (Chow, 1996) . Any delay in activation will result in giving a higher heat release rate. Thermal sensitivity of a sprinkler head can be determined by the RTI. Early Suppression Fast Response sprinkler heads with a smaller RTI would shorten the operating time. However, the amount of steam produced should be watched, as this is quite damaging to the occupants not yet evacuated.
Further, stacking up of the combustible goods would delay the operation of the sprinklers and lead to a flashover fire. Shelves inside the shop would block the discharged water to reach the fire area if the sprinkler layout is not designed properly. On the other hand, smoke cooled down by the water droplets could lose its buoyancy for keeping at a higher level. Dragging effect of water droplets would further pull the smoke layer down.
Alternative fire protection system might be utilised to replace the sprinkler system. Water mist fire suppression system may be a good choice for the retail shops (Chow, Yao and Ng, 2002) . With proper design and operation, water mist system might be used effectively for suppressing post-flashover fires inside a shop. The smallest droplets would enhance the rate of evaporation and thus have a better cooling effect for the fire environment. As a result, the emissivity of the flame would also be reduced.
Fire safety management
A good fire safety management should be carried out carefully (Chow, 2001a; 2001b) for reducing the hazards to low level. A fire safety plan (Chow, 2001b) should be worked out with four parts:
Maintenance plan
Good housekeeping is essential to reduce the chances of fire, fire and smoke spreading and escape routes being blocked. Housekeeping measures should include: keeping combustible materials separate from possible ignition sources, storing flammable liquids, paints and polishes in appropriate containers, recognition of potential hazards, ensuring that escape routes are kept clear and fire doors are kept closed, and waste control.
Fire prevention and protection systems should be maintained in right order. Planned maintenance procedures should be established and used to ensure that all fire protection systems can operate effectively when required. Routine checking of emergency systems should be carried out on a regular basis with the operators in control.
Potential sources of ignition such as gas, oil and electrical heating installations should also be examined by competent persons on a regular basis. Where repairs or alternations are made to the building structure, compartment walls or other passive protection systems should be reinstated if damaged.
Staff training plan
Fire safety training should be provided to all staff on the following: action to be taken on discovering a fire, first aid firefighting, action to be taken on hearing the fire alarm, assist non-staff members to response to an alarm and escape, procedure for calling the fire service.
Simulated incident exercises for the operational staff would also be carried out frequently with the emergency exercises involving fire services in fire-fighting and rescue operations, police in controlling the surroundings and accessing to the area and hospital services. As a result, staff would be familiarised with the emergency procedures such as informing the police and fire services, placing the barriers and floor markings to the boundary of the incident site and identify the routes for emergency use and the arrangements to protect all the emergency service personnel using lifts or escalators.
Fire action plan
The provision of escape assumes that building users are able-bodied people, and the essential role of management in a fire is to ensure that the fire brigade is called and to carry out a roll call when the evacuation is completed. The presumption of independent capability to use steps and stairs for egress is clearly inadequate for some disabled people. For these occupants, evacuation involving the use of refuges in escape routes and assistance to move down (or up) stairways or the use of suitable lifts will be necessary. A communication panel may be installed adjacent to the lifts as a 'call point' for helping the disabled in case of fire.
Staff must undergo proper training on fire prevention and security for those organisations, including the means of reporting a fire, actions to take in the event of fire such as assisting the occupants to evacuate to safe places and firefighters to the fire area, showing the locations of the available FSI. However, there are concerns on whether staff without formal training in fire fighting should be asked to control a fire. (Chow, 2001 a; 2001b) In order to prevent the occurrence of fire, it is important to identify the items that are likely to be ignition sources. Those items should be checked, maintained and replaced regularly. Excessive combustibles should not be stored inside the terminals. Care must be taken for changes in building use. For example, using the space as exhibition areas inside the airport terminal might be dangerous.
Fire prevention plan
Education is a long-term activity on raising the public awareness on fire safety. Many people would travel abroad frequently. If they lack knowledge on fire safety, disaster would happened very easily in case of fire. Therefore, education of the public on awareness to the risk of fire and deliberate ignition, means of reporting a fire and the actions to take in the event of fire, should be done through safety campaigns of various natures such as annual campaigns, school talks, displays of posters and public announcements.
When there are activities carried out by contractors, the building operation mode should be different from the 'normal' mode. In addition to fire, other safety aspects such as indoor air quality issues due to the emission of pollutants like volatile organic compounds, should be watched.
Therefore, for protecting against an accidental fire, there should be two modes of building operation as suggested by Chow (2001c) :
• Normal mode Accidental fires started from the retail areas; burning luggage carried by passengers; interaction of people with the building; cooking activities in the fast food shops and restaurants; exhibition items and materials, and combustibles like furniture placed in the hall, should be watched.
• Refurbishment mode Fire safety due to construction of expanding the retail areas, major or minor refurbishment of the passenger terminals, with and without hot works, should be watched.
Fire safety management (Chow, 2001a; 2001b) is the key point at this transition period where safety design guides on those retail shops are not yet demonstrated to be workable. Restricting only the types of goods to be sold is insufficient. Heat release rate has to be specified. To some extent, this might be controlled by the fire load density, though there is no clear correlation relationship between the heat release rates and the fire load density. Flame spreading of materials, especially surface lining materials, should be considered. Fire safety management is not only on training the store-keepers and the building management staff. A fire safety plan (Chow, 2001a; 2001b) should have a maintenance plan, a staff training plan, and a fire action plan. If possible, there should also have a fire prevention plan.
Furniture, particularly sofa, is likely to be ignited as the first burning object. It is found that poor selection of partition materials, surface lining materials and floor coverings might give a high heat release rate. Partitioning a retail shop into different areas for bigger shops should be considered carefully. Another possibility of having a fire is during festivals where the spaces are decorated. For example, burning Christmas trees in a shopping mall might give peak heat release rates ranged from 1.6 MW to 5.2 MW (Stroup et al., 1999) . This part must be considered carefully by the management team. Department, 1996a) Except the retail areas and the waiting areas of the arrival hall in the non-restricted areas, the airport terminals would not be overcrowded with passengers normally even in weekends or seasonal festivals. However, people should not be allowed to enter the airport terminals once the maximum loading is reached, so as to control the crowd movement effectively such that passengers can be evacuated efficiently in case of fire.
Control of risk factors
Passenger loading (Buildings
The staying time for the passengers in the departure hall and arrival hall would be long for carrying out the check-in procedures in the departure hall of the non-restricted areas and security checking no matter in the departure hall or arrival hall of the restricted areas. Especially before the security counters, it is found that large amount of passengers would be queued up. When there is an emergency occurred, the escape route of this part of the hall may easily be blocked and thus increases the risk of occupants being subject to fire and smoke. Therefore, in order to minimise the staying time of the passengers inside the airport terminals, it is important to increase the number of security counters to be operated and shorten the time for security checking of each passenger. Department, 1998) The fire load constituted by the airport terminals would be low if there are no shopping facilities inside the building. However, several retail shops are located inside the terminals, fire load density in such areas would be very high. If fire is occurred in any one of those shops inside the arrival hall or departure hall, flame and smoke would spread quickly to the other retail shops and the hall. Therefore, smoke control system and fire shutters or drencher systems should be provided at the entrance of those retail shops to prohibit the spread of fire to the other areas. The combustible items inside the shops should be kept away from the door sides in order not to block the exit and accelerate the spread of fire.
Fire load density (Fire Services
In case of an emergency, majority of escaping passengers will take their hand-carrying baggage with them. If the baggage is very large or heavy, this will not only hinder the evacuation of passenger, but also affect the escape of the other occupants. Therefore, large items of luggage and goods should be handled carefully.
Conclusions
The following can be concluded on fire safety strategy of the local airport terminal building:
Smoke filling in the terminal halls due to a retail shop fire
Fire protection systems are provided in each retail shop, including fire detection system, sprinkler system and local smoke extraction system. Performance of the integrated design should be evaluated by the time to detect a fire, time to activate the sprinkler to discharge water, time to turn on the smoke extraction system, time for people staying inside to escape and impact to passengers outside the retail shop but still inside the terminal halls.
Effects of steam generated by the sprinkler water on passengers trapped in a shop are another concerns. Experimental studies with the retail shop itself are not sufficient, detailed measurement should be carried out with a shop fire in a big hall.
Water mist fire suppression system
Use of water mist fire suppression system in the retail areas, especially those with the cabin design (e.g. Chow, Yao and Ng, 2002) should be considered. For quick fire suppression in a small retail shop, using water mist system might be a solution. However, there are concerns whether the water mist can extinguish a fire rapidly. Further studies with full-scale burning tests must be carried out to confirm the design. The water curtain discharged from a drencher system would be effective in blocking thermal radiation transferred from the fire zone to the adjacent premises through the openings of the retail shop. Water curtain might be designed at the boundaries of the open sides of the shop to minimise the heat transmitted from the shop area to the protected area. For shops with excessive fire load or storing combustibles with high heat release rates, it would be worthwhile to consider of putting more than one layer of water curtain.
Drencher system
